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(57) ABSTRACT

Method and device for adjusting lighting for a vehicle in
consideration of the visibility of a curve, light having a glare
effect (high beam light) being deactivated before negotiating
a curve, if the curve is not visible, or optionally the illumina-
tion being increased if the curve is visible. Adjusting the
lighting, in particular of headlights, for a vehicle having a first
step, in which an upcoming curve is recognized, its visibility
is ascertained, the visibility representing the possibility of
glare, in particular to other road users, in particular to oncom-
ing traffic, and a second step, of adjusting the lighting
between the least possible glare and the best possible illumi-
nation, characterized in that the adjustment is carried out as a
function of the visibility.

12 Claims, 2 Drawing Sheets
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1
DEVICE AND METHOD FOR ADJUSTING
THE LIGHTING OF A VEHICLE IN BLIND
CURVES

FIELD OF THE INVENTION

The present invention is directed to a device or method for
adjusting the lighting of a vehicle in blind curves according to
the definition of the species in the independent claims.

BACKGROUND INFORMATION

A light control system is discussed in JP 2004098819 A,
which recognizes road conditions and, in the case of a curving
road, checks whether the head lights are switched to high
beam light, in order to adjust them to low beam light in this
case.

A system for light control and glare monitoring is known
from US 2002080617 A, the lighting being adapted as a
function of the area in which the vehicle is located and as a
function of the road course. The lighting is adjusted as a
function of the probability with which the vehicle is located in
a specific area or before a specific road course.

The generally known problems of vehicle lighting are that,
onthe one hand, the driver of the vehicle wishes to achieve the
best possible illumination for reasons of comfort and safety,
while on the other hand, however, not cause glare for other
road users. Systems for automatic light control are known,
which recognize headlights of an oncoming vehicle. Such a
recognition fails, however, if a curve is to be expected or is
located in the upcoming road course and an oncoming vehicle
appears suddenly, so that the glaring light (e.g., high beam
light) may not be adapted or deactivated rapidly enough.

The teaching of the first-mentioned publication attempts to
solve the problem in that the high beam light is deactivated in
general before each curve, independently of whether or not a
vehicle is oncoming.

SUMMARY OF THE INVENTION

The device and the method according to the present inven-
tion having the features described herein have the advantage
over the related art in that an adaptation of the adjustment of
the lighting does not occur globally upon the presence of an
upcoming curve, but rather is carried out in practice as a
function of the visibility of the curve or into the curve and
therefore the traffic situation may be dealt with more specifi-
cally. In particular, a driver or also an automatic system for
glare avoidance of oncoming vehicles in the curve may not
react sufficiently rapidly to adjust the lighting to avoid glare
if, e.g., avehicle in a blind curve suddenly comes “around the
corner.”” A preventive adjustment is therefore only meaningful
in this situation, while in situations in which the curve is
visible, such an adjustment would not be meaningful.

Furthermore, it may be advantageous that the other road
users do not have to be recognized visually (e.g., with the aid
of a costly camera) or via other sensors, and therefore a
simplified cost-effective system may be demonstrated, which
possibly does not include the complete functionality of an
automatic high beam controller, but assists the driver in spe-
cific, rather difficult situations (as here: inability to see into
the curve).

The following steps must be executed to carry out the
method: An upcoming curve must be recognized and further-
more its visibility must be established.
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If a curve is coming up, the extent of the visibility deter-
mines whether an adjustment of the lighting is carried out and
to what extent.

Advantageous refinements and improvements of the
method specified in the independent claim are possible
through the measures listed in the dependent claims.

An adjustment/adaptation of the possibly glaring illumina-
tion is advantageously only to be carried out if it actually may
not be judged before a curve whether a vehicle is oncoming,
which is the case if the curve is not visible. On the other hand,
if the curve is visible and a possibly oncoming road user may
be recognized in a timely manner using existing systems, no
measure must be carried out within the scope of glare avoid-
ance. Rather, in this case the illumination may optionally
(automatically) be increased, if necessary without activation
by the driver, in order to assist him when negotiating the
curve. The risk of greater glare probability with better illumi-
nation may be accepted, since the curve is considered to be
visible and the driver, like an automatic system, may be able
to reduce or avoid the possible glare in a timely manner by
adjusting the lighting.

The adjustment may be carried out in this case by continu-
ous change of lighting parameters (e.g., luminosity, light
direction, light angle) or in (at least two) steps (e.g., high
beam light—low beam light).

Data which provide information about the visibility of a
curve may advantageously be transmitted. In particular, data
may be requested from a database on upcoming route sections
(here: curves), for example, from a database of a navigation
system, whose fundamental maps provide curve information.
In addition to the data from a database (e.g., of the onboard
navigation system), alternatively or additionally, further data-
bases, for example, those kept ready online (e.g., Internet)
may be used, which provide additional data (e.g., on the
building development or landscape), in addition to the curve
information. Some modern navigation devices already pro-
vide the option of accessing external databases (e.g., from the
Internet).

A vehicle-bound or onboard system is also suitable as a
further conceivable data source, which has obtained data on
the basis of previous travels past the same point through the
same upcoming curve, which may now be used. Such a
method is discussed in DE 10 2008 041679 A1, which is
incorporated here by reference. A video camera is used
therein, which registers the space lying ahead, through which
one’s own vehicle will move. The video-based system recog-
nizes objects, e.g., buildings, and therefore knows of their
existence. A visibility of a curve may be derived, since the
lines of sight could have been determined by the recording
during the earlier passage. Through an onboard system, inde-
pendence may be achieved from external databases, which
may possibly be incorrect or incomplete. A data fusion may
also occur, of course, and the data from the databases and the
onboard systems may be linked to one another.

Data from the database or from the onboard system may
also alternately be resorted to depending on the position, e.g.,
the data of the video camera may be used when it delivers
analyzable data or registers an area which is considered to be
sufficiently visible. If this is not the case, the system may
switch over to other data sources. Data fusion and a plausi-
bility check may also alternatively take place.

The data may advantageously include images from satel-
lite images, aerial images, or road images, from which the
visibility of the curve may be derived with the aid of image
analysis methods. For example, a restricted visibility may be
presumed if the satellite image recognizes a dense forest
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around the curve. Or the visibility may be determined on the
basis of road images which were recorded in the curve area.

This information may be ascertained by image-analyzing/
imaging methods from satellite, aerial, or road images, in
which, e.g., based on the location of the curve, it is checked
what is located on the inside curve, where the required line of
sight is located. If corresponding vegetation, buildings, or
mountains are recognized there, the (lack of) visibility may be
concluded. The lines of sight may also be exactly determined
if necessary based on geometrical considerations, so that, as a
function thereof, the light adjustment is only used at the
corresponding points where the lines of sight actually do not
exist, in order to recognize an oncoming road user in a timely
manner, so that the glaring light may be reduced or deacti-
vated in a timely manner on the part of the driver or on the part
of an automatic system.

A dimension of the visibility may advantageously be
obtained from various data. In addition to direct specifica-
tions on the visibility of a curve, whether as a discrete value
(e.g., visible yes/no) or as a continuous dimension for the
visibility (e.g., the predictive range in the curve), data may
also exist which provide indirect information about the vis-
ibility. Modern navigation devices or the maps on which they
are based often provide additional data on building develop-
ments or landscapes, from which it may be estimated with the
aid of a heuristic, for example, whether and how well visible
an upcoming curve is.

This includes information about the topography, e.g., if
mountains are located adjacent to the road in the inside curve,
as may bethe case on a mountain road, and therefore visibility
does not exist or is only restricted. Information about building
development may also be useful; thus, for example, the posi-
tion of each house or each house number in a road is usually
known and if it is located close to a curve (in particular at
sharp junctions), restricted visibility may be presumed there.
Information about the landscape may also be significant; thus,
for example, in a wooded region (depending on the density of
the forest if this information is provided), restricted visibility
in curves may be presumed. Further vegetation may also be an
indicator of the visibility, for example, hedges on plots of
land, in particular if they grow close to the road.

The method may advantageously be restricted to only car-
rying out the adjustment if the vehicle travels along the inner
side of a curve, i.e., on the inside lane. Depending on whether
there is left-hand or right-hand traffic, the inside curve may be
a left-hand curve or a right-hand curve. An oncoming road
user would move completely through the light cone of one’s
own vehicle.

Since the light cone illuminates the inner lane of the curve
less or not at all during through travel on the outer lane, in
particular if adaptive curve light is not used, it is rather
improbable that an oncoming vehicle would be subject to
glare in this case, so that an intervening adjustment is not
necessary.

Instead of completely omitting the adjustment when nego-
tiating an outer curve, a reduced adjustment may also take
place, whereby the light is only adjusted to have somewhat
less glare, than in the case of complete adjustment, in which
if possible no glare at all is to occur. This may represent a
possible good compromise between optimum illumination
and the probability of subjecting oncoming traffic to glare in
consideration of the glare effect which is possible at all.

It may advantageously also be determined on the basis of
other features whether a road user is oncoming. Thus, intel-
ligent light control systems may currently only directly rec-
ognize oncoming headlights, but it is conceivable to recog-
nize the reflections of headlight lights, as usually occur in the
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case of an oncoming vehicle in the curve before its appear-
ance, with the aid of image-analyzing methods. If this takes
place in a timely manner before the glare, the adjustment
according to the present invention may also be omitted.
Whether it is possible for the onboard systems to perceive
such effects may also again be ascertained from databases, for
example, which may also again provide information, for
example, of whether a light cone would reflect in such a way
that the onboard system could perceive it. This principle may
also be carried out with the aid of other physical secondary
effects which are present because of the presence of another
road user as shown (its illumination).

Advantageously, when a blind curve has been recognized,
it is possible to proceed with the adjustment in various ways.
The presumably simplest option is to deactivate the high
beam light, if activated, and to switch over to a standard light
(low beam light, etc.). Furthermore, changing the light direc-
tion or influencing the light distribution is conceivable.

The light distribution may advantageously be adjusted in
such a way that the lane or roadway ofthe possibly oncoming
road user is not illuminated in such a way that glare occurs at
this point. The standard illumination would be adapted in
such a way that above all one’s own lane is illuminated, but
not the opposite lane or the location at which the road user is
located. This does not have to be a road lane in this case, but
rather may also relate to sidewalks or bicycle paths, on which
possible road users are located. This also applies similarly for
other objects to be protected from glare.

The point at which this method is used is advantageously
defined. The section of a traffic route (in particular in a road)
is usually composed of various (mathematically defined) seg-
ments, in addition to straight lines and circular arcs, transition
arcs such as clothoids or other shapes also being used. The
request for the suitable point in time (or location) for activat-
ing or deactivating the adjustment device according to the
present invention may be determined on the basis of the
special points of these mathematically definable segments. In
particular, the apex of a curve or a curve segment which
designates the point of the maximum curvature comes into
consideration in this case. Furthermore, the middle of the
curve, i.e., the halfway point of the distance within a curve,
may also be used as the starting point, as well as node points,
which are the points which connect the individual mathemati-
cally defined segments to one another, in particular, e.g., a
curve beginning or end. As a function of this reference point,
ataconfigurable distance therefrom (this may be greater than,
equalto, or less than 0), the activation or, in a second point (for
example, the curve end), the deactivation of the adjustment
device according to the present invention may be prompted.

The configurable distance for the activation or deactivation
of the adjustment device according to the present invention
from the reference point may advantageously be selected
adaptively or variably as a function of several parameters. For
example, in the case of a greater curve radius, the config-
urable distance may be selected in such a way that the adjust-
ment device is first activated closer to the curve or even in the
curve, in comparison to a small curve radius. This may make
sense, since a curve having a greater radius is more visible and
the moment at which an oncoming road user appears is not so
sudden as in the case of a curve having a small radius. The
speed of one’s own vehicle may also be an influencing param-
eter, which determines the configurable distance; thus, at high
speed the point of the execution of the adjustment may be
shifted close to or into the curve, since, firstly, the surround-
ings may have a quasistatic effect at high speed and the time
period for an appearance of another road user is shorter and
therefore the probability that one will appear at all is lower.
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Secondly, the higher speed causes a higher safety requirement
for the host vehicle, which more strongly promotes good
illumination. The distance of the visual obstruction from the
curve has an influence on how early the adjustment device is
to be activated. If the visual obstruction is a certain distance
away from the curve, the adjustment may be carried out later
than if the curve is very blind. This is also true for canceling
the adjustment, i.e., the establishment of the earlier lighting
(e.g., of the high beam light), if it may be presumed toward the
end of the curve that the visibility of the section lying further
ahead is (again) ensured.

The adjustment device according to the present invention is
advantageously deactivated again or its influence is canceled
out or reduced when it is no longer required. This is the case
in particular if the visual obstruction is no longer present, for
example, if the movement of the vehicle has progressed in
such a way that a line of sight to the areas of the possible
oncoming traffic is again present. Alternatively, when the
visual obstruction or the line of sight is not determinable, for
example, the adjustment may always be globally canceled out
when the end of the curve is reached or after the vehicle has
driven through it. An illumination then takes place again as is
optimal for the driver of one’s own vehicle, or as it was
previously adjusted. The illumination-reducing intervention
of'the adjustment device according to the present invention is
therefore maintained only as long as necessary. Under certain
influencing parameters, as already mentioned, the adjustment
may be canceled out earlier or later than at a reference point
as a function of further parameters.

The adjustment device according to the present invention,
which may be implemented as (part of) a regulator/controller,
is advantageously only a part of a higher-order regulator
structure for the light control, which fulfills objects from the
known related art, for example. In particular, the adjustment
device according to the present invention is not to be activated
or deactivated if higher priority reasons for another formation
of the illumination are present. For example, if oncoming
traffic is definitively recognized, glare should be avoided and
the adjustment device according to the present invention
should not be deactivated after the curve in spite of this, for
example, in such a way that the high beam light is activated
and the recognized oncoming traffic would be subject to
glare, for example. The adjustment device according to the
present invention could nonetheless be deactivated in this
case intrinsically in the system, but a higher-order regulator
must then intervene with higher priority in the system, how-
ever, so that high beam light is avoided.

The present invention not only relates to vehicles but rather
to road users in general, in particular those who would be
subject to glare by the headlights of one’s own vehicle. In
addition to automobiles and trucks, this may also include
bicycle riders and pedestrians, and expansion to static objects
is also conceivable which do not actively participate in the
traffic, but where glare is nonetheless undesirable, e.g., in the
case of buildings. An oncoming road user in the present case
also means a possibly oncoming road user, or in particular
such a possibility, since this is usually a preventive measure
and the actual existence of a road user is not (yet) known.
Furthermore, road users who are not oncoming, but would be
subject to glare at all, are also included.

The light distribution of a headlight characteristic is under-
stood as the way in which the light emitted by the headlight is
finally distributed on the surroundings. There may be various
light directions or main light directions in this case and the
intensity may differ in these various directions. Thus, it is
classically conceivable in the case of curve lighting that the
light distribution in the direction of one’s own lane is deter-
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mined in such a way that more extensive illumination (i.e.,
into the distance), takes place than the light component which
is emitted onto the opposite lane, which illuminates the prox-
imity. This light component which is emitted onto the oppo-
site lane, but does not extend far into the distance, may in turn
be deflected further into the curve for this purpose so that the
illumination angle becomes greater therein. Various illumi-
nations are conceivable through the corresponding selection
of a light distribution and light direction; the most well-
known are high beam light, low beam light, city light,
expressway light, and curve light.

The terms of glare or non-glare are not necessarily to be
understood as discrete; the glare effect increases with increas-
ing luminosity, however, but, vice versa, also may not be
entirely avoided without turning off the light. Glare avoid-
ance may also mean a glare reduction in the present case.
Greater illumination is usually accompanied with a higher
glare risk; these two factors are therefore generally concur-
rent. On the one hand, the best possible illumination is to be
achieved; on the other hand, glare is to be avoided.

The route section which is upcoming or to be driven
through is the section which is located in front of the vehicle
and in all probability will be driven through. This may be
recorded and recognized by an above-described video cam-
era, for example, and by data from a navigation system. The
recording could have been prepared by a camera in one’s own
vehicle, or also in another vehicle.

Image-related data may contain the images from an
onboard camera which were recorded during the current trip,
on the one hand. Furthermore, they may also include data
which were recorded in an earlier trip of the same vehicle.

On the other hand, such data may originate from second
sources, which were produced with the aid of a camera of a
satellite (satellite image), an aircraft (aerial image), or
another ground-based device (vehicle) (road image). Road
images may be individual images recorded on the ground,
which have a reference to the road scenery, in particular the
view from the road. Furthermore, these also include pan-
oramic images which allow virtual travel through the region
with the aid of suitable data preparation. In a certain way, it is
thus possible to virtually predictively look around the curve,
whereby the static conditions of the scenario would become
known.

Straight lines which allow a free view between two points
are described as the line of sight or axis of sight. The boundary
lines of sight are particularly significant for the judgment of
the visibility; these are the ones which simultaneously form a
tangent on a visual obstruction. A boundary line of sight may
be determined, for example, in that one end is located on the
area to be seen after the curve and, on the other hand, it is
tangent to a visual obstruction (e.g., a building in the inside
curve). The view is again unrestrictedly free on the upcoming
route section where this straight line forms an intersection
with the future travel trajectory of one’s own vehicle. This
would simultaneously be the point, for example, at which
normal illumination may again be used and the adjustment
device according to the present invention may be deactivated
again.

The visibility of a route section (or a curve) provides a
dimension of the probability of a sudden appearance of a road
user and therefore a glare probability.

Furthermore, the geometrical conditions are to be taken
into consideration, since good visibility may also include the
area of the curve which is not (yet) illuminated at all by one’s
own lighting and therefore allows a timely real preventive
reaction and adjustment of the lighting. The visibility may be
determined if a boundary line of sight exists which includes a
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sufficiently large part, which is to be defined, of the curve or
an area before the curve, so that expressed in terms of driving
psychology: The action in the curve may be observed suffi-
ciently far ahead that the driver or a driver assistance system
may take measures (or countermeasures) in a timely manner,
before another road user is subject to glare. A possible similar
measure for the visibility would be the angle of the boundary
line of sight in relation to the travel direction or illumination
direction. A road section may be designated as visible if a
specific boundary angle is exceeded and as blind if the angle
falls below this angle. Alternatively, the distance which is
visible beforehand may also be incorporated into the dimen-
sion of the visibility. This may possibly also depend on the
speed; the predictive range must usually be greater at higher
speed to be able to react in a timely manner. Since the speed
of one’s own and other vehicles is not always known, speed
limits (value may be ascertained, e.g., from a database (navi-
gation device)) may also be assumed as the maximum value
of a possible speed to be expected.

In a similar way, predictive range designates the distance at
which an area/scenery is visible. This is usually limited by
physical conditions (e.g., Earth’s curvature, weather condi-
tions (fog), delimitations of the line of sight), or by technical
conditions (e.g., characteristics of the camera).

Exemplary embodiments are illustrated in the drawings
and explained in greater detail in the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the problem of glare of an oncoming vehicle
in a curve.

FIG. 2 shows the location points and effect of the adjust-
ment of the lighting.

FIG. 3 shows the adaptation of the method to the illumina-
tion of one’s own lane.

DETAILED DESCRIPTION

FIG. 1a shows a scenery of a road 11, in which one’s own
vehicle 13 is located, which emits a light cone 14 with high
beam light and may not yet see, because of vision-obstructing
building 12, that another vehicle 15 having a (in the illustrated
case) low-beam light cone 16 is oncoming. If the vehicles
move toward one another, at a later point in time, as shown in
FIG. 15, the light cone of the high beam light of one’s own
vehicle 14 will subject the vehicle or the driver of vehicle 15
to glare.

FIG. 2 describes how the method remedies the problem
from FIG. 1. At a location point 23, the high beam light of
one’s own vehicle is already deactivated for this purpose, this
point 23 being located at a configurable distance 24 before the
apex or starting point of curve 22. At point 23, the high beam
light is switched over to low beam light 21. The high beam
light may be reactivated or the adjustment may be canceled
out already before the end of curve 25 at a configurable
distance 27 (which does not necessarily have to correspond to
configurable distance 24) at a point 26 before the curve.

FIGS. 3a and 356 show a right-hand curve, the method not
being applied in FIG. 3a and one’s own vehicle 31 emitting
light cone 32 not only over one’s own lane 33 but rather also
over the opposite lane. In FIG. 35, the light cone is accord-
ingly adapted in such a way that (essentially) only one’s own
lane is illuminated. In FIGS. 3¢ and 34, the same is shown for
a left-hand curve or an outside curve.

What is claimed is:

1. A method for adjusting lighting of headlights for a
vehicle, the method comprising:
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recognizing an upcoming curve and ascertaining its vis-
ibility, the visibility representing the possibility of glare
to oncoming traffic; and

adjusting the lighting between the least possible glare to

oncoming traffic and the best possible illumination,
wherein the adjustment is carried out as a function of the
visibility so that at least one of the following is satisfied:
(a) in the case the possibility of glare to oncoming traffic
does not exist, an illumination-increasing adjustment is
carried out, and (b) in the case the possibility of glare to
oncoming traffic exists, a glare-reducing adjustment is
carried out;

wherein in the recognizing task, it is recognized whether

the vehicle is negotiating the outer side or the inner side
of the curve, and wherein in the adjusting task, one of (i)
the glare-reducing adjustment is carried out only if the
vehicle travels through the inner side of the curve, or (ii)
the glare-reducing adjustment is not reduced to the same
extent when the vehicle travels through the outer side of
the curve as would be the case during travel through the
inner side of the curve.

2. A method for adjusting lighting of headlights for a
vehicle, the method comprising:

recognizing an upcoming curve and ascertaining its vis-

ibility, the visibility representing the possibility of glare
to oncoming traffic; and

adjusting the lighting between the least possible glare to

oncoming traffic and the best possible illumination,
wherein the adjustment is carried out as a function of the
visibility;

wherein the visibility is ascertained on the basis of data

which were obtained by a vehicle-bound system in ear-
lier travels past the same point.

3. The method of claim 2, wherein the data contain satellite,
aerial, or road images or are generated therefrom.

4. The method of claim 2, wherein the visibility is obtained
by interpretation of data including data concerning the topog-
raphy, the building development, the landscape, the vegeta-
tion, and accidents.

5. The method of claim 1, wherein in the recognizing task
it is also established whether a road user is present, on the
basis of physical effects which the road user achieves without
being directly visible.

6. The method of claim 1, wherein the adjustment includes
one of a deactivation of the high beam light, an activation of
the low beam light, a change of the light direction, and a
change of the light distribution.

7. The method of claim 6, wherein the light distribution is
adjusted so that the possibly appearing road user or his lane or
roadway is illuminated less.

8. A method for adjusting lighting of headlights for a
vehicle, the method comprising:

recognizing an upcoming curve and ascertaining its vis-

ibility, the visibility representing the possibility of glare
to oncoming traffic; and

adjusting the lighting between the least possible glare to

oncoming traffic and the best possible illumination,
wherein the adjustment is carried out as a function of the
ascertained visibility;

wherein an apex or node point of the curve is determined in

the recognizing task, and the adjustment is carried out in
the ascertaining task in the apex or node point of the
curve or at a configurable distance away from the apex or
node point.
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9. The method of claim 8, wherein the configurable dis-
tance is selected as a function of at least one of the curve
radius, a speed of one’s own vehicle, and a distance of a visual
obstruction from the curve.

10. The method of claim 1, further comprising:

canceling out the influence of the adjustment at least one of

when (i) the possibility of glare to oncoming traffic does
not exist again and (ii) when the curve has been negoti-
ated.

11. The method of claim 1, wherein the adjustment is part
of a higher-order regulating structure for the light control.

12. A device adjusting lighting of headlights for a vehicle,
comprising:

aunit for recognizing an upcoming curve to be traveled and

ascertaining its visibility, the visibility representing the
possibility of glare to oncoming traffic; and

an adjustment unit, which is configured so that the adjust-

ment of the lighting takes place between the lowest
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possible glare to oncoming traffic and the best possible
illumination, and the adjustment is carried out as a func-
tion of the visibility so that at least one of the following
is satisfied: (a) in the case the possibility of glare to
oncoming traffic does not exist, an illumination-increas-
ing adjustment is carried out, and (b) in the case the
possibility of glare to oncoming traffic exists, a glare-
reducing adjustment is carried out;

wherein in the recognizing task, it is recognized whether
the vehicle is negotiating the outer side or the inner side
of the curve, and wherein in the adjusting task, one of (i)
the glare-reducing adjustment is carried out only if the
vehicle travels through the inner side of the curve, or (ii)
the glare-reducing adjustment is not reduced to the same
extent when the vehicle travels through the outer side of
the curve as would be the case during travel through the
inner side of the curve.
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